Abstract Drugs that inhibit specific histone deacetylase (HDAC) activities have enormous potential in preventing the consequences of acute injury to the nervous system and in allaying neurodegeneration. However, very little is known about the expression pattern of the HDACs in the central nervous system (CNS). Identifying the cell types that express HDACs in the CNS is important for determining therapeutic targets for HDAC inhibitors and evaluating potential side effects. We characterized the cellular expression of HDACs 1-3, and HDACs 4 and 6, in the adult mouse brain in the cingulate cortex, parietal cortex, dentate gyrus, and CA1 regions of the hippocampus and subcortical white matter. Expression of class I HDACs showed a celland region-specific pattern. Transient focal ischemia induced by temporary middle cerebral artery occlusion, or global ischemia induced by in vitro oxygen-glucose deprivation, altered the extent of HDAC expression in a region-and cell-specific manner. The pan-HDAC inhibitor, SAHA, reduced ischemia-induced alterations in HDACs. The results suggest that in addition to promoting epigenetic changes in transcriptional activity in the nucleus of neurons and glia, HDACs may also have non-transcriptional actions in axons and the distant processes of glial cells and may significantly modulate the response to injury in a cell-and region-specific manner.
Introduction
Histone deacetylases (HDACs) are categorized as either "zinc-dependent" or "NAD-dependent" (sirtuins). The former are class I (HDAC 1-3 and 8), class II (HDAC 4-7, 9, and 10), or class IV (HDAC 11) based upon sequence similarity. Roles for specific HDACs in brain maturation and function, and in the CNS response to injury, are slowly being elucidated [1] [2] [3] [4] [5] . Inhibitors of the zinc-dependent HDACs promote "neuronal" differentiation of neural progenitor cells [3, 6] and also protect existing neurons from insult [7] [8] [9] . These inhibitors are structurally diverse, suggesting different mechanisms of action, and all exhibit some HDAC isoform selectivity [10] . The hydroxamate compounds (such as SAHA and TSA) and the small carboxylates inhibit class I and class II HDACs. The benzamide MS-275 and also valproic acid have a narrower range and target HDACs chiefly in class I. Despite promoting nuclear p53 accumulation, class I/II HDAC inhibitors protect postnatal mouse cortical neurons from p53-dependent cell death. The HDAC inhibitors suppress p53-dependent expression of PUMA, a critical signaling intermediate linking p53 to Bax activation, and prevent post-mitochondrial events, including cleavage of caspase-9 and caspase-3 [11] .
Recently, we showed that class I HDACs are abundantly expressed in white matter axons and glial cells and that pan-and class I-specific HDAC inhibitors dramatically improve functional recovery of axons, while preserving cellular architecture, in an in vitro model of ischemic white matter injury [12] . We have gone on to characterize the cellular expression of HDACs 1-3 (and HDACs 4 and 6) in the adult mouse brain in the cingulate cortex, parietal cortex, dentate gyrus, and CA1 regions of the hippocampus and subcortical white matter. The expression of class I HDACs showed a cell-and region-specific pattern. Transient focal ischemia induced by temporary middle cerebral artery occlusion (MCAo), or global ischemia induced by in vitro oxygen-glucose deprivation (OGD), altered the extent of HDAC expression in a region-and cell-specific manner.
Materials and Methods
The Institutional Animal Care and Use Committee approved all experimental procedures.
Transient Middle Cerebral Artery Occlusion
This was performed on anesthetized male C57bl/6 mice (25-30 g), as previously described [13] . Anesthesia was induced by inhalation of 3% isoflurane and maintained by inhalation of 1.5% isoflurane. Body temperature was monitored throughout surgery (via a rectal probe) and maintained at 36-38°C using a heating blanket. Focal cerebral ischemia was induced by occlusion of the right middle cerebral artery for 45 min and the filament withdrawn gently back into the common carotid artery in order to allow reperfusion to take place. After 1 week of recovery, mice were re-anesthetized, perfusion-fixed (4% paraformaldehyde in PBS), and the brains were removed and kept in fix solution for another 24 h at 4°C before cryoprotection in 30% sucrose for immunohistochemistry.
Preparation of Optic Nerves and Oxygen-Glucose Deprivation
Mouse optic nerves (MONs) were gently freed from their dural sheaths, placed in a perfusion chamber superfused with artificial CSF (ACSF), and continuously aerated by a humidified gas mixture of 95%O 2 /5% CO 2 . All experiments were performed at 37°C. The OGD was induced by switching to glucose-free ACSF (replaced with equimolar sucrose to maintain osmolarity) and a gas mixture containing 95% N 2 /5% CO 2 . The OGD was applied for 60 min, glucose and O 2 were restored, and compound action potentials (CAPs) were recorded for up to 5 h. To explore the role of HDAC inhibitors in OGD-induced upregulation of HDAC 1-3, the pan inhibitor SAHA (1 μM, Selleck, Houston, TX; dissolved in DMSO as 1 mM stock) was used.
The inhibitor was applied starting 30 min before, during (60 min), and 30 min after the end of OGD. Evoked CAPs were recorded throughout to ensure that the time course of events were typical for the experimental conditions. At the end, MONs were collected and stored in 4% paraformaldehyde in PBS overnight at 4°C for immunohistochemistry. Cryoprotection was achieved in 10%, 20%, and then 30% sucrose for 2-4, 8-10, and 16-18 h, respectively.
Immunohistochemistry
Ten-to 30-μm-thick sections from each MON were blocked and permeabilized in 5-40% normal goat/donkey (50% by volume) serum (Sigma, St. Louis, MO) and 0.3% Triton X-100 (Sigma) for 60 min at room temperature. Fifty-to 200-μm-thick free-floating sections from each brain were blocked and permeabilized in 5% normal donkey serum (Sigma) and 1% Triton X-100 (Sigma) for 60 min at room temperature. All primary antibodies were prepared in their respective solutions (Table 1) were projected into a single plane image before assessment of co-localization.
Results

HDAC Expression
Pattern is Region-and Cell-Specific in the Adult Brain
In coronal brain slices, we evaluated the expression and localization of HDACs 1-3 ( Fig. 1) , and for comparison HDACs 4 and 6 (data not shown), using immunohistochemistry with isoform-specific antibodies and confocal imaging. Panoramic images (see "Materials and Methods") revealed the expression of HDACs 1-3 to be widespread and prominent (Fig. 1a-c) , particularly in regions such as the cerebral cortex. Class II isoforms HDAC 4 and HDAC 6 demonstrated comparably less intense labeling. The expression of HDAC 4 was stronger than HDAC 6 and primarily located in neuronal cytoplasm and in axons (data not shown) in the parietal cortex. Interestingly, in some layers of cortex, HDAC 4 labeling was scattered and most neurons were void (data not shown). The expression of HDAC 6, though very low, was mostly in neuronal cytoplasm (data not shown).
To determine cell type-specific expression of class I HDAC isoforms, we performed double or triple labeling using cell-and HDAC isoform-specific antibodies. The expression of HDAC 1 (Fig. 2 , cortex column) co-localized with MAP2(+) neuronal cell bodies (Fig. 2 , left panels), completely outlining the cytoplasm but excluding the nuclei (Fig. 2 , left panels, merged, nuclei, star). Immunoreactivity also co-localized with NF-200(+) axons (Fig. 2 , corpus callosum column, arrowheads). In addition to neuronal expression, HDAC 1 was expressed in the nuclei and cytoplasm of GFAP(+) astrocytes in the hippocampus (Fig. 2 , gray matter column) and subcortical white matter (Fig. 2 , white matter column). Expression was also observed, to some extent, in astrocyte end-feet (Fig. 2 , white matter column, arrowheads, and Fig. 6a , left lower panel, arrows). Note that despite prominent axonal labeling, HDAC 1 expression did not outline dendrites in the hippocampus. In subcortical white matter (SCWM), HDAC 1 immunoreactivity was occasionally noted in cells (mostly nuclear (Fig. 2 , asterisk) in addition to astrocytes, and these were identified as APC(+) oligodendrocytes (data not shown).
In contrast to HDAC 1, the expression of HDAC 2 ( Fig. 3 , cortex column, arrows) was principally nuclear in MAP2(+) neurons (Fig. 3 , left panels, merged) and the cytoplasm was spared. The nuclear nature of HDAC 2 labeling in neurons was further supported by the lack of HDAC 2 immunoreactivity in NF-200(+) axons (Fig. 3, corpus callosum column). Interestingly, HDAC 2 was abundant in nuclei (Fig. 3 , gray and white matter columns, arrows), cytoplasm, and along the entire processes of astrocytes in the hippocampus and in SCWM (Fig. 3) . , and 3 (c) are highly expressed in cortical and hippocampal neurons, with relative detection decreasing in other neuronal cells away from the cortex and low expression in areas of white matter. a In cingular (i) and parietal (iii) cortex, HDAC 1 expression was in neuronal cell bodies and in their axons. In hippocampal CA1-CA2 junction (ii), HDAC 1 expression was prominent in pyramidal cell bodies (stars) and was visible in some dendrites (arrowheads). In overlying subcortical white matter (SCWM), HDAC 1 expression was present in some nuclei and associated processes (arrows). b HDAC 2 expression was localized to neuronal nuclei in cingulate (i) and parietal cortex (iii) (arrows) and hippocampal pyramidal cells (ii) (stars). In some sections of the parietal cortex (iii), HDAC 2 labeling was faintly visible in axons (arrowheads). HDAC 2 expression was very prominent in SCWM and hippocampus (ii) in some astroglial nuclei and uniformly outlining their associated processes (arrows). c HDAC 3 was expressed in the nuclei of neurons and axons in cingulate and parietal cortex (i and iii) (arrows), but in the cytoplasm of pyramidal neurons of the hippocampus (stars), as well as in their axons and dendrites (ii) (arrowheads). Note HDAC 3 nuclear labeling associated with the synaptic domains of interneurons away from the pyramidal cell layer (dotted line) Indeed, HDAC 2 labeling in the hippocampus identified astrocyte processes beyond the extent of GFAP immunoreactivity (Fig. 3 , gray matter column, merged, asterisk). A similar co-localization of HDAC 2 on GFAP(+) astrocytes was observed in SCWM, where HDAC 2 labeling extended to the finest processes as well as to end-feet (arrowheads in Fig. 3 , white matter column, and Fig. 8 , right and left panels), consistently outlining interdigitating arterioles in SCWM, larger pial arteries in cortex (Fig. 8, cortex column, arrows), and penetrating capillaries in CA1 (Fig. 8 , CA 1 column, arrows) and dentate regions of the hippocampus (Fig. 5, left panels, arrows) .
The expression pattern of HDAC 3 was mixed. In neurons, HDAC 3 was nuclear (Fig. 4 , cortex column, arrows) but was also expressed in proximal axons (Fig. 4 , cortex column arrowheads). Consistent with this, HDAC 3 labeling co-localized with NF-200(+) axons (Fig. 4 , corpus callosum column, arrows), albeit to a lesser extent compared with HDAC 1. Astrocytes expressed HDAC 3 in their nuclei and cytoplasm (Fig. 4 , gray matter column, arrows) and in the proximal portions of their main processes in the hippocampus and in SCWM (Fig. 4 , white matter column, arrowheads). In addition, HDAC 3 expression was punctate in distal processes of astrocytes in (Fig. 4 , white matter column, asterisk), similar to white matter astrocytes in optic nerve [12] . Careful inspection revealed that HDAC 3 was not expressed in the end-feet regions of astrocytes (Fig. 4 , white matter column, blue arrowheads); therefore, HDAC 3 expression did not delineate capillaries (Fig. 4 , white matter column, blue arrows).
HDACs 1, 2, and 3 are Abundantly Expressed in Subventricular Zone and Dentate Gyrus
In the healthy adult brain, neurogenesis normally occurs in the subventricular zone (SVZ) and hippocampal dentate gyrus (DG). Cerebral ischemia amplifies neurogenesis, and these new neurons may contribute to the observed functional recovery [14] [15] [16] [17] . Histone protein modifications, limited to the nuclei of GFAP(+) astrocytes in the hippocampus (gray matter, arrows). In SCWM, HDAC 1 labeling was detected in the nuclei (white matter, arrows) and to some extent in the proximal portions of the main processes and end-feet (arrowheads) of GFAP(+) astrocytes (green) outlining penetrating arterioles. Note the distinct colocalization of HDAC 1 and GFAP in the merged images, which confirmed that HDAC 1 exhibits a region (gray vs. white matter) specific labeling pattern in astrocytes such as acetylation and deacetylation, play a key role in regulating gene expression during the processes of cell proliferation and differentiation. Inhibitors of HDACs contribute to the survival of newborn neurons by inhibiting the apoptotic pathways during stroke. Therefore, we characterized the cellular expression pattern of HDACs 1-3 in SVZ (Fig. 6a, b) and in the DG in comparison to the CA1 region of the hippocampus, which is known to be extremely sensitive to transient global ischemia (Fig. 5) .
The expression of HDAC 1 (Fig. 5 , left upper panels) was abundant in cells comprising the upper and lower blades of the DG, outlining cell bodies but sparing nuclei (Fig. 5 , left upper panel, see inset with nuclei in blue labeled with Sytox), and similar to HDAC 1 expression in cortical neurons (Fig. 2, cortex column) . Interestingly, many neuronal nuclei around the granule cell layers were not labeled (inset). It was also apparent that HDAC 1 expression did not extend to proximal portions of the axons, in contrast to the HDAC 1 labeling pattern observed in the cortex. On the other hand, cellular expression of HDAC 1 in the CA1 region was similar to that in the cortex, with strong labeling of pyramidal cell bodies and outlining axons and dendrites (arrowheads in Fig. 5 , right upper panel, confirmed with MAP2 co-labeling, data not shown).
The expression of HDAC 2 was principally nuclear in granule cells of the DG and entirely outlined astrocyte nuclei, cell bodies, and the entire length of processes and end-feet, both in the DG (Fig. 5, second row, arrows) and CA 1 region of the hippocampus. Interestingly, in CA1 pyramidal neurons, the expression of HDAC 2 was more abundant in cell bodies and cytoplasm rather than the nuclei and similar to HDAC 1 expression in the CA1. Note the small, round, hollow appearance in the center of neuronal cell bodies which are filled with Sytox(+) blue nuclei (Fig. 5, right second panel, inset) . Neither axons nor dendrites were labeled with HDAC 2 in the DG and CA1 regions of the hippocampus.
HDAC 3 labeling was nuclear in the granule cells of the DG, but more abundant in the cytoplasm of pyramidal cells of the CA1 region (Fig. 5, lower panels) . It was also prominent in dendrites of pyramidal neuronal cells in CA1 (Fig. 5, right lower panel, dotted circle) . The extensive expression of these HDACs in glia, in addition to neuronal structures and axons, implicates these as cellular targets of HDAC inhibitors [12] .
Ischemia Upregulates HDACs 1, 2, and 3 Expression
Post-ischemic treatment with HDAC inhibitors has been shown to reduce infarct volume, cell death, and neuroinflammation and improve neurological performance in rodents after MCAo (for a review, see [8] ). However, the effects of ischemia on the cellular expression of HDACs 1-3, and whether HDAC inhibitors alter their expression, are unknown. Therefore, we first evaluated HDAC 1-3 expression levels in SVZ, cortex, and SCWM in ipsilateral and contralateral sides of coronal brain slices obtained from mice that were exposed to 45 min MCAo, followed by 1 week of recovery ( Fig. 6a, b ; see "Materials and Methods"). Secondly, we verified our findings in MON exposed to OGD with or without the pan-HDAC inhibitor, SAHA (Fig. 7) .
The expression of HDAC 1 was drastically reduced in the ischemic core (confirmed by the loss of MAP2 labeling and increase in pyknotic nuclei, data not shown), while the intensity of labeling prominently increased in adjacent SCWM cellular elements, in particular astrocytes (arrows, confirmed with GFAP labeling, data not shown) and striatal neurons as compared with contralateral labeling (Fig. 6a,  left panels) . Similarly, in cortical neurons adjacent to the ischemic core (penumbra, separated with dotted line; Fig. 6a, right lower panel) , there was a comparable increase in HDAC 1 labeling. This was no longer confined to the neuronal nuclei in the penumbra, leading to an overall increase in background labeling. Interestingly, MCAo also led to an increase in HDAC 1 expression in ipsilateral SVZ compared with the uninjured side (Fig. 6a , compare lower panels, asterisks).
Ischemia induced a similar change in HDAC 2, an evident loss of expression in the ischemic core but an upregulation in SCWM (particularly in astrocytes, confirmed with GFAP labeling, data not shown) and penumbral regions (cortex, subcortical white matter, and SVZ (asterisk)), except the striatum (Fig. 6b , compare lower panels, note area outlined with dotted lines). The expression of HDAC 3 after MCAo showed identical changes to HDAC 2 (data not shown). These results suggest that a complex and regionally specific pattern of changes in histone deacetylation may contribute to ischemia-induced injury and subsequent neurogenesis.
HDAC Inhibition Attenuates Ischemia-Induced Upregulation of HDACs 1, 2, and 3
We have shown that HDAC inhibition attenuates ischemic injury to axon structure and function in the isolated mouse optic nerve preparations [12] . We verified that ischemia upregulated HDACs 1-3 in optic nerves and tested the hypothesis that HDAC upregulation was specific to ischemic injury (Fig. 7) . MONs were exposed to OGD Fig. 5 HDAC 1-3 expression in the dentate gyrus and the CA1 regions of hippocampus. HDAC 1 (upper panels) was compared in the dentate gyrus (DG), a site of neurogenesis, and the CA1 region which is known to undergo apoptosis even after very transient ischemic injury. HDAC 1 labeling was mainly expressed in the cytoplasm of DG granule cells and in CA1 pyramidal neurons. This was confirmed with blue Sytox(+) nuclei filling the center of neurons (see insets). Note that HDAC 1 labeled dendrites of CA1 pyramidal neurons (upper right panel, arrows), but not neuronal processes in DG. HDAC 2 (middle panels) was expressed in the nuclei of DG granule cells and in the cytoplasm of CA1 pyramidal cells (see insets for blue nuclei labeled with Sytox). In addition, astrocytes diffusely expressed HDAC 2 in their nuclei, cell bodies, processes, and end-feet outlining the vasculature (left middle panel, arrows). HDAC 3 was mainly expressed in the nuclei of DG granule cells and in the nuclei and cytoplasm of CA1 pyramidal cells. Note that some cells in between the upper and lower blades of the DG express HDAC 3 in their cytoplasm (insets). The punctate nature of HDAC 3 expression was more prominent in the CA1 region, especially around interneurons, and outlined their synaptic domains (dotted circle). HDAC 3 expression was also present in CA1 pyramidal cell dendrites (arrows) (60 min), with or without the HDAC inhibitor SAHA (1 μM). Control MONs (Fig. 7 , left panels) were kept under normoxic conditions. Cellular patterns and characteristics of HDAC 1-3 expression in MONs were reported previously in detail [12] . Briefly, HDAC 1 is mainly expressed in axons and astrocyte nuclei, while HDACs 2 and 3 are primarily expressed in astrocytes. A period of OGD upregulated all three HDACs considerably, with HDAC 3 being the most prominent (Fig. 7, lower middle panel) . As a result, all glial nuclei and cytoplasm (arrowheads) demonstrated HDACs 1-3 and some astrocytes expressed HDAC 1 and 2 in their main and distal processes (Fig. 7 , middle panels, arrows), as well as in end-feet outlining penetrating arterioles (Fig. 7 , upper middle panel, blue arrow). HDAC 3 was intensely expressed in all reactive astrocytes and in their processes (Fig. 7, lower middle panel, arrows) . Application of SAHA (1 μM, 30 min before, during, and 30 min after the end of OGD) effectively attenuated HDAC expression; all glial nuclei and cytoplasm still expressed HDACs, but to a lesser extent (Fig. 7 , right panels, arrowheads). The main difference was the loss of intensely labeled astrocyte processes. This was expected since we have shown that OGD causes astrocyte hypertrophy in MONs and HDAC inhibitors attenuate astrocyte reactivity [12] . We further verified that ischemia-induced upregulation in class 1 HDAC expression is a consequence of increased HDAC activity by labeling MONs obtained from control, OGD, and OGD+SAHA conditions for acetylated histone H3 (data not shown). In control optic nerves, H3 was observed in very few nuclei among numerous glial nuclei. The effect of OGD was to extensively upregulate H3 immunoreactivity such that all glial nuclei strongly expressed H3 and pretreatment of optic nerves with SAHA remarkably reduced this labeling. These results suggested that the ischemia-induced increase in class I HDAC expression was concomitant with increased HDAC activity and that SAHA effectively attenuated this.
HDAC 2 is Profusely Expressed in the Neurovascular Unit
The neurovascular unit consists of microvessels, endothelial cells, basal lamina matrix, astrocyte end-feet, and pericytes. Therefore, astrocytes, neurons and their axons, equally contribute to modulate and maintain the function and integrity of the neurovascular unit. Furthermore, experimental evidence indicates that astrocytes may provide a source of pro-MMP-9 and/or pro-MMP-2 upon stimulation with cytokines. These findings suggest that the HDACs expressed in astrocytes, in particular in their end-feet, may contribute to vascular matrix degradation and repair following a stroke. Our study consistently revealed HDAC 2 to be the most prominent isoform expressed in astrocyte end-feet, whether in larger pial arteries (Fig. 8 , left panels, arrows) or in small penetrating arterioles in the hippocampus (Fig. 8, right panels, arrows) . Note that the endothelial cells of the vessel wall do not express HDAC 2 (Fig. 8 , middle panels, Sytox(+) flat elongated nuclei along the vessels, arrowheads). The expression of HDAC 1 was mostly noted on astrocyte end-feet around smaller penetrating arteries (right and lower left panels in Figs. 2 and 6a , respectively), while there was no detectable HDAC 3 expression in artery walls of any diameter.
Discussion
We determined that class I HDACs exhibit a cell-and region-specific expression pattern in the central nervous system (Table 2) and that an ischemic episode leads to the upregulation of their expression in the penumbra, SCWM, and SVZ (but not the injury core). Our findings suggest that the central nervous system response to injury and subsequent recovery may be modulated by HDAC expression, raising the possibility that cell-and region-specific use of HDAC inhibitors may represent therapeutic approaches.
A significant finding in our study was that class I HDAC isoforms were readily expressed in cytoplasmic domains in addition to a more well-established nuclear localization in neurons. Consequently, HDAC 1 and HDAC 3 were prominently expressed in proximal axons and dendrites of neurons, as well as in axons of the corpus callosum. HDAC 2 labeling was more conventional, confined to the nuclei and absent in axonal and dendritic processes. Another interesting finding was that HDAC 2 displayed an extensive presence in nuclei, cell body, distal processes consisting of end-feet in astrocytes from white and gray matter, while HDACs 1 and 3 were expressed mostly in astrocyte nuclei. These findings inevitably raise the question of whether the diverse effects of HDAC inhibitors may be attributed to the differential roles of individual HDAC isoforms, their specific pattern of distribution among neurons and glial cells, and, in addition to transcriptional activation of genes, non-transcriptional actions in axons and the distant processes of glial cells. Application of HDAC inhibitors exerting a broad pharmacological range of action displays neuroprotective activity in several models of acute injury and neurodegeneration [7] [8] [9] [10] . At least 11 different HDAC proteins have been identified, and several of these have been implicated in regulating diverse functions ranging from neuronal differentiation [3, 18] to stress-induced apoptosis [5, 11, 12, 19] , mitochondrial transport [20] , and to long-term memory formation [21] . Our results suggest that targeting specific HDAC isoforms may be beneficial and potentially reduce side effects and that cell-and region- Fig. 8 HDAC 2 is robustly expressed in the neurovascular unit. HDAC 2 consistently labeled astrocyte end-feet in larger pial arteries in the cortex (left panels) and also penetrating small capillaries in the hippocampus (right panels). The HDAC 2 labeling was limited to astrocyte end-feet in the neurovascular unit. Endothelial cells (arrowheads, labeled blue with Sytox) did not express HDAC 2 specific isoform activity may be important for repair and residual tissue function following injury.
An exciting finding of our study was that an episode of focal ischemia uniformly upregulated class 1 HDAC expression and in a region-specific manner. Expression of all three isoforms was upregulated in the penumbra, SCWM, and SVZ, while significantly downregulated in the injury core. In vitro ischemia caused a similar upregulation of HDAC expression in the isolated mouse optic nerve preparation, suggesting that both neuronal and glial responses to ischemic injury involved class I HDAC isoforms. We further confirmed this suggestion by using the pan-HDAC inhibitor, SAHA, which effectively attenuated ischemia-induced HDAC upregulation in optic nerves. This finding is consistent with the hypothesis that elevated HDAC activity in response to ischemic injury may alter gene transcription patterns and other activities required for maintaining neuronal function and viability.
An emerging role for class I HDACs in neurogenesis is supported by their prominent expression in DG granule cells and SVZ. Extensive expression of HDAC 2 in astrocytes that surround the granule cells further questions the role of neuron-glial interaction in neurogenesis. In contrast, the widespread presence of HDAC 2 at the end-feet of astrocytes, thereby outlining blood vessels of all sizes, is an intriguing finding providing a provocative suggestion that HDACs may play a crucial role in the neurovascular response to injury and subsequent inflammation.
Diverse effects of HDAC inhibitors may be attributed to the differential role of individual HDAC isoforms, their specific pattern of distribution among neurons and glial cells, and their ability to exert both transcriptional and non- transcriptional actions in axons and glial cell processes. In summary, our data suggest that targeting specific HDAC isoforms may be beneficial and that cell-and regionspecific isoform activity may be important for repair and tissue function following injury. Therefore, cell-and regionspecific HDAC inhibition may be set as an attainable goal for therapeutic treatment.
